We clarify and demonstrate the utility of our new method of voice prosthesis insertion using puncture from the esophageal lumen. Methods: Our new reverse puncture method using a flexible endoscope can be performed in an outpatient clinic under local anesthesia. We conducted a clinical trial with patients with head and neck cancer between April 2010 and February 2012. Our study focused on the following three points: 1) the percentage of patients for whom the procedure was successful; 2) the duration of the operation; and 3) any adverse effects. Results: The puncture was performed successfully for 21 of 22 patients (95%). The mean duration of the operation, excluding the time for local anesthesia, was only 11.6 minutes. All patients began voice rehabilitation and attained peroral intake immediately after the operation. None of the patients suffered complications from the procedures. Conclusions: Most patients were treated with our new method with ease and at low risk. The high success rate and the absence of complications demonstrate the benefits of our method. We conclude that our method can be recommended for secondary reverse tracheoesophageal puncture.
INTRODUCTION
Insertion of a voice prosthesis is one method of voice restoration. There are two ways to insert a voice prosthesis: primary and secondary. The primary procedure, performed at the same time as the laryngectomy, is considered to be preferable to the secondary procedure, which follows laryngectomy at a later date, because the secondary procedure is thought to cause more complications. [1] [2] [3] However, many patients need a secondary puncture because the voice prosthesis had not been established when they underwent laryngec tomy. [4] [5] [6] Thus, there is an urgent need for the establishment of a safe and quick secondary procedure.
There are two methods for the secondary procedure -one under general anesthesia and the other under local anesthesia. The procedure under general anesthesia is typically performed transorally with a rigid esophagoscope in the operating room. 4, 7, 8 Some disadvantages of this method are that 1) it requires general anesthesia; 2) it takes considerable time; 3) it is expensive and cumbersome, since it involves, among other things, preoperative examina-tions and hospitalization; 4) it is difficult to perform on patients with neck stiffness due to postoperative scar and muscle tension; and 5) it frequently causes complications. 1, [9] [10] [11] To overcome these drawbacks of the general anesthesia method, various secondary procedures have been performed under local anesthesia, 8, [12] [13] [14] [15] [16] [17] [18] but these also have some drawbacks. One is that an incision into the tracheal mucosa causes enlargement of the fistula. Another is that the blind technique for making a puncture from the tracheos toma side to the esophageal lumen causes various complications. Finally, the patients cannot start phonation immediately after surgery, but have to wait until the damaged mucosa lining the trachea has healed. [15] [16] [17] [18] Transnasal endoscopy procedures have to some extent reduced the risks associated with the blind technique. However, the puncture of the esophageal lumen with the tip of the needle is still performed blind.
A new method of secondary tracheoesophageal puncture under local anesthesia, devised by us, can be expected to overcome the various aforementioned problems by introducing a reverse puncture from the esophageal lumen and using a dilator. The aim of this report was therefore to clarify and demonstrate the utility of our new method.
SURGICAL TECHNIQUE AND CLINICAL TRIAL
Our novel reverse puncture method using a flexible rhinolaryngoscope with a 2.0-mm working channel (ENF T200; Olympus, Tokyo, Japan) can be performed under local anesthesia. The patient is seated in an otolaryngological examination chair at an outpatient clinic. All materials can be prepared in advance. The patient's nasal cavity, tracheostoma, pharyngeal space, and tracheal wall are all locally anesthetized. The anesthesia procedure consists of 4% lidocaine hydrochloride being sprayed into the nasal cavity and the tracheostoma, followed by the insertion of cottonoids saturated with 4% lidocaine and 1:100,000 epinephrine into the nasal cavity. Subsequently, approximately 8 mL of 2% viscous lidocaine is administered orally while, at the same time, 4% lidocaine is inhaled through the tracheostoma. Finally, 3 mL of 1% lidocaine together with 1:100,000 epinephrine is injected into the posterior tracheal wall at the site for the tracheoesophageal puncture.
The procedure is performed by a surgeon with an assistant. The surgeon holds a flexible endoscope, and the assistant holds a wire for puncturing. After completion of the local anesthesia, the flexible endoscope, with the wire (Endosonopsy; Hakko Co Ltd, Chikuma, Japan) inserted into the channel, is passed transnasally into the esophageal lumen. The Endosonopsy was originally designed for aspiration biopsy of the trachea or digestive tract, and has a double structure consisting of a wire with a 21-gauge needle at the tip inside a cylinder. The inner wire can be pulled out from the cylinder (Fig 1) . The room light is turned off, and the surgeon uses a headlight. When the flexible endoscope is positioned with the bevel facing anteriorly and the light source is visualized through the posterior tracheal wall, the assistant punctures the predetermined site of the esophageal lumen by pushing the 21-gauge needle out through the channel of the endoscope (Fig 2A,B) . When the tip of the needle can be visualized from outside the tracheostoma, the surgeon holds the tip of the needle with a hemostat and pulls until the cylinder comes out the tracheostoma ( Fig 2C) . Then, the inner wire is removed from the endoscope. The room light is turned on, and the assistant feeds a thin guidewire (0.9 × 800 mm; Hakko) into the cylinder from the trachea side ( Fig 2D,E) . After a sufficient length of the guidewire has been inserted, the endoscope is removed together with the cylinder of the Endoso-nopsy. Now only the thin guidewire remains in the patient, with one tip of the guidewire projecting out from the tracheostoma and the other projecting from the patient's nose ( Fig 2F) . Next, the aerodigestive tract, punctured with the needle, is expanded with a 12F dilator (Coons Taper, 12F × 20 cm; Cook Medical, Bloomington, Indiana) along the guidewire ( Fig  2G) . Finally, a Provox2 voice prosthesis (Atos Medical, West Allis, Wisconsin), rigged with a silk suture at the end of the wire on the nasal side, is inserted retrogradely from the esophagus to the trachea by pulling out the guidewire to the tracheal side ( Fig  2H) . The flange of the Provox2 is grasped with a hemostat when it can be seen at the tracheostoma. The procedure is finished when the tracheal flange of the Provox2 is completely pulled out.
After permission had been obtained from the research ethics committee of our university, we performed a clinical trial to clarify and demonstrate the utility of our new method in 22 patients with head and neck cancer who had undergone total laryngectomy between April 2010 and February 2012. Our study focused on the following three points: 1) the percentage of patients for whom the procedure was performed successfully; 2) the duration of the operation; and 3) any complications incurred with our procedure.
RESULTS
The clinical and demographic data of the 22 patients who agreed to undergo this new procedure are presented in Table 1 . Preoperative radiation therapy was performed for 13 of the patients, including all 5 patients who underwent total laryngectomy as a salvage operation. Although regional flap reconstruction is thought to be an obstacle for the successful application our method, all 9 patients who had undergone this procedure were treated successfully with our method. Overall, our procedure achieved satisfactory results for a total of 21 patients (95%). In 1 case, the tracheal entrance had been reconstructed with a skin flap that was too hard to be punctured with the needle, and so another procedure was used that involved puncturing the flap from the frontal tracheal side. Our procedure was tolerated well by all patients, who were seated in an otolaryngological examination chair without any sedation. The mean operating time, excluding time for the administration of local anesthesia, was only 11.6 minutes. The durations of the operation for each patient are shown in Table 2 . All patients began voice rehabilitation and recovered their voice, as well as obtaining nutrition by peroral intake, immediately after the operation. None of the patients suffered any compli-cations due to this procedure.
DISCUSSION
Two procedures for voice prosthesis insertion using an approach from the esophageal lumen have been reported: one by Gross and Hess 19 in 1994, and one by Lichtenberger 20 in 2003. The former procedure involved use of an argon laser system under sedation, and the latter was performed under general anesthesia and used a rigid esophagoscope. Our method, on the other hand, requires only local anesthesia and uses a flexible endoscope for puncture with a needle and therefore dramatically reduces the level of stress for the patient and the surgeon. This is the first description of a secondary reverse tracheoesophageal puncture to be performed from the esophageal lumen under local anesthesia (the Fukuhara method). The procedure can be performed under local anesthesia with the patient sitting in an otolaryngological examination chair.
There are many patients who need to undergo secondary insertion of a voice prosthesis, because laryngectomy is a very common operation performed by head and neck surgeons but voice restoration with a voice prosthesis is not yet widely performed. Many laryngectomized patients who have not yet benefited from prosthetic voice rehabilitation thus need a secondary puncture to enable them to speak with a voice prosthesis. A secondary puncture will also be required by patients who fail to acquire a non-prosthesis-assisted esophageal voice, need creation of a new fistula because of previous tracheoesophageal fistula-related problems, are scheduled to undergo postoperative radiation therapy, or must avoid any postoperative complications.
Local anesthesia is generally preferred to general anesthesia for less invasive procedures because of lower cost, less stress, and avoidance of cumbersome procedures. Our new method of secondary puncture can be done under local anesthesia with an endoscope. Procedures using an endoscope are in general use by otolaryngologist-head and neck surgeons and can be performed without distress to the patient. In fact, all 22 patients in our study showed good tolerance for the procedure. In 21 of them, the procedure was performed easily without any complications. The mean operating time was only 11.6 minutes. Indeed, for most of the patients, except for those treated at the beginning, the operation took less than 10 minutes, so that our method is much quicker than others. 1, 5, 12, 14, 19 Our new method was successful even for cases with regional flap reconstruction. The choice of flap reconstruction procedure and flap size differs in each case, depending on the lesion associated with a resection. In some cases the reconstructed flap is in the back of the trachea, and for such patients, puncturing through the reconstructed regional flap cannot be avoided. For only 3 patients in our study, puncturing through the regional flap was necessary, and these procedures lasted 30, 7, and 13 minutes. In the first case, the time was unusually long because the needle used for puncturing slipped on the reconstructed flap. In such cases, pushing with a hemostat against the tracheal site to be punctured may be advisable. The patient in whom our new method could not be used had a reconstructed tracheal entrance with a skin rotation flap. Because the flap had become a scar, it was too hard to be punctured with a needle. However, a patient whose tracheal entrance has been reconstructed with a rotation skin flap should not be regarded as out of indication without at least one trial. This technique is repeatable, because only slight damage is caused by puncture with a 21-gauge needle, which is regularly used for aspi- ration biopsy of the trachea or digestive tract. This repeatability is one of the major advantages of our method. We therefore consider that our method can be used for almost any laryngectomy patient. Only a patient with a reconstructed esophagus that is not at the back of the trachea -for example, with the graft passing through the anterior thorax -might not meet the surgical indications for the Fukuhara method.
With our technique, a flexible endoscope is used transnasally, so that it has the same advantages as other transnasal endoscopy-guided tracheoesophageal punctures -that is, the ability to avoid stricture, as well as the possibility of screening for tumor recurrence. The greatest advantage of our reverse puncture technique is that the tip of the needle is constantly visible; in other words, it is not a blind technique. Other methods that have been used so far by various groups all require a puncture or incision of the posterior tracheal wall toward the esophageal lumen. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [21] [22] [23] [24] [25] [26] They are therefore blind techniques until the tip of the needle can be seen in the esophageal lumen with an endoscope. Since it is often difficult to incise the tracheal wall toward the esophageal lumen, the tracheoesophageal fistula tends to be enlarged for easier access. As a result, patients cannot start phonation until the resultant damage to the tracheal mucosa has healed -that is, not immediately after the operation, as with our method.
Procedures that require puncturing the posterior tracheal wall sometimes involve another problem, in that the lumen does not expand even when insufflated via the endoscope, and the endoscopic camera is dirtied with blood or saliva so that the tip of the puncturing device cannot be seen in the esophageal lumen. [15] [16] [17] 21, 22 As a result, sometimes a puncture of the posterior tracheal wall toward the esophageal lumen is very difficult and time-consuming. On the other hand, our new procedure for puncturing the esophageal lumen leaves the tip of the needle visible throughout, so that the surgeon can observe it directly at all times. The risk of injury to the posterior esophageal wall is thus eliminated completely, making the procedure easy, relatively safe, and quick. Furthermore, this technique is repeatable, because the puncturing needle is 21-gauge and thus not very damaging. In actuality, although we punctured the esophageal lumen more than once in almost all patients before the needle was in a suitable position, our patients suffered no complications and were able to attain peroral intake immediately after the operation. One further major advantage is that the aerodigestive tract is expanded with a 12F dilator, rather than cut with a blade. In addition, because the operation was performed with the patient in a natural sitting position, the Provox2 insertion was more comfortable for the patient.
CONCLUSIONS
Our new procedure could be performed for most patients with ease and low risk, and the high success rate and absence of complications prove its superiority to previous methods. The Fukuhara method of reverse tracheoesophageal puncture can therefore be recommended with confidence for head and neck cancer patients who require a secondary tracheoesoph ageal puncture.
